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Description 

Intermediates for the Production of 
Optically Active Cyclopropylamine Derivatives and 
Process for the Production of the Intermediates 

Technical Field 
[0001] 

The present invention relates to intermediates needed 
for production of an optically active cyclopropylamine 
derivative represented by the following formula (6) : 
[0002] 
[Fl] 




I 

H 



[0003] 

wherein R is a protecting group for the amino group, which is 
useful for the construction of a substituent on a quinolone 
compound. This invention also relates to a process for 
producing the intermediates. 

Background Art 
[0004] 

Quinolone carboxylic acid derivatives are widely used 
as synthetic antibacterial agents in the medical field. 
Notwithstanding such usefulness, the derivatives are fraught 
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with therapeutically serious problems due to growing 
emergence of resistant bacteria, such as MRSA. Even so, 
quinolone carboxylic acid derivatives exhibit not only 
excellent capability of killing MRSA but also antibacterial 
activity against resistant Gram-positive bacteria, thus 
serving as compounds able to solve various problems involved 
in resistant bacteria. 

In production of a quinolone carboxylic acid 
derivative; e.g., the quinolone carboxylic acid derivatives 
shown below, an optically active compound represented by 
formula (6) is of great importance for the construction of a 
substituent present at the 7-position thereof (Patent 
Documents 1 and 2) . 
[0005] 



[F2] 




(Patent Document 1) (Patent Document 2) 



[0006] 

Thus far various methods have been known for producing 
an optically active compound represented by formula (6) 
(Patent Documents 1, 2, and 3) . 

[Patent Document 1] W096/23782 

[Patent Document 2] WO2002/40478 
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[Patent Document 3] WO96/39407 

Disclosure of the Invention 
Problems to be Solved by the Invention 
[0007] 

However, previous methods are required to take lengthy 
steps for production, and also need to be subjected either to 
the resolution, through column chromatography or to the 
resolution through crystallization in order to obtain an 
optically active compound. Hence many problems remained to 
be solved from the viewpoint of industrial applications. 

The objective of the present invention is to provide a 
process for producing intermediates needed for production of 
an optically active compound represented by formula (6), 
which enable the compound (6) to be readily synthesized 
through simple production steps without optical resolution, 
and also to provide such intermediate compounds used therein. 

Means for Carrying Out the Invention 
[0008] 

The present inventors have found that the optically 
active compound represented by formula (6) can be obtained 
without optical resolution, through the following simple 
process: a nitrile compound (3) is obtained from an easily 
available optically active pyrrolidinol (1) (described 
hereinbelow) via a compound (2); the nitrile compound (3) is 
reacted with a reagent which has been prepared from a 
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titanium (IV) reagent and an alkylmetal compound, to thereby 
yield a compound (4) ; the substituent amino group of the 
compound (4) is protected with a protecting group R to 
thereby yield a compound (5); and the protecting group R 1 
which has protected the ring amino group of the compound (5) 
is removed. The present invention was accomplished on this 
finding . 
[0009] to [0013] 

The present invention provides a process for producing 
an optically active compound represented by formula (4): 



or a salt thereof, characterized in that a reagent prepared 
from an titanium (IV) reagent and an alkylmetal compound is 
reacted with an optically active compound represented by 
formula (3) : 



[F4] 




(4) 



(wherein R represents a protecting group of the amino group) 



[F3] 



CN 
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wherein R 1 has the same meaning as defined above, optionally 
in the presence of a Lewis acid. 
[0014] 

The present invention also provides a compound 
represented by formula (1) : 
[0015] 
[F5] 




[0016] 

or an optically active species thereof; a compound 
represented by formula (2*): 
[0017] 
[F6] 




' ) 



[0018] 

wherein X 1 represents a methanesulf onyl group or a p- 
toluenesulf onyl group, or an optically active species 
thereof; a compound represented by formula (3'): 
[0019] 
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[F7] 




' ) 



[0020] 

or an optically active species thereof. 
[0021] 

The present invention also provides a compound 
represented by formula (4'): 
[0022] 
[F8] 




' ) 



[0023] 

wherein R 11 represents a benzyl group, a phenethyl group, a 
benzyloxycarbonyl group, a methoxyphenyl group, a 
diphenylmethyl group or a trityl group, or an optically 
active species thereof, or a salt of the compound or the 
species; a compound represented by formula (5 T ): 
[0024] 
[F9] 
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NHR 



(5' ) 



[0025] to [0027] 
wherein R 11 represents a benzyl group, a phenethyl group, a 
benzyloxycarbonyl group, a methoxyphenyl group, a 
diphenylmethyl group or a trityl group, and R represents a 
protecting group of the amino group, or an optically active 
species thereof; and a compound represented by formula (7). 



Effects of the Invention 
[0028] 

According to the present invention, an optically active 
intermediate compound represented by formula (6), which is a 
useful raw material for producing quinolone derivatives which 
exhibit excellent antibacterial activity against, for example 
MRSA, can readily be synthesized through a simple process 
without optical resolution. 



[F10] 





(7) 
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Best Mode for Carrying Out the Invention 
[0029] 

The intermediate compounds of the present invention are 
produced through the following reaction scheme: 
[0030] 
[Fll] 

/>h ox Cyanating >cn Titanium(IV) reagent/ 

xci agent Alkylmetal compound 



Lewis acid 

(1) (2) (3) 

__X^NH. MHR y~mR 

I \ J { 1) D eprotectio n / \ 

If " I 2)AC ' d t • Acid 

(4) (5) (6) 

[0031] 

wherein R and R 1 represent protecting groups of the amino 
groups, and X represents an alkylsulf onyl group or an 
arylsulf onyl group . 
[0032] 

Specifically, a compound (2) obtained from an optically 
active pyrrolidinol (1) is converted into a stereochemically 
inverted optically active nitrile compound (3), and the 
nitrile compound (3) is reacted with a reagent prepared from 
a titanium (IV) reagent and an alkylmetal compound, optionally 
in the presence of a Lewis acid, to thereby produce an 
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optically active compound (4) having the maintained 
stereostructure as the compound (3) . The substituent amino 
group of the optically active compound (4) is protected by a 
protecting group R, to thereby produce a compound (5) . 

The optically active compound represented by formula 
(6) can be produced through removal of the protecting group 
R 1 for the ring amino group. 
[0033] 

The compound (1) is readily synthesized through 
condensation of { 3S ) -hydroxypyrrolidine and an aldehyde 
compound or a ketone compound and subsequent reduction of the 
condensed product. The reaction may proceed in the presence 
of a Lewis acid. Alternatively, the compound (1) may be 
produced through reaction of (3S) -3-hydroxypyrrolidine with 
an alkyl halide (the alkyl group may be substituted by an 
aryl group) or with an acylation agent (e.g., acid chloride, 
acid anhydride) . No particular limitation is imposed on the 
solvent employed in the reaction, so long as the solvent does 
not adversely affect the reaction. 

Alternatively, the compound (1) may be obtained 
selectively through a known asymmetric hydroboration of an N- 
substituted-3-pyrroline compound (J. Org. Chem., 5074 
(1982); J. Org. Chem., 51, 4296 (1986); JP-A-2003-0408 63; JP- 
A-2003-286255) . Of N-substituted-3-pyrroline compounds, 1- 
diphenylmethyl-3-pyrroline is particularly useful in 
industrial- scale production, since l-diphenylmethyl-3- 
pyrroline can be crystallized and purified with isopropyl 
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ether. The N-substituted-3-pyrroline compound may be 
obtained through reaction of cis-1 , 4-dichloro-2-butene with 
an alkylamine or an aralkylamine . 
[0034] 

Examples of the protecting group R 1 for the amino group 
include alkoxycarbonyl groups such as tert-butoxycarbonyl, 
methoxycarbonyl, ethoxycarbonyl , and 2 , 2 , 2-trichlorocarbonyl ; 
aralkyloxycarbonyl groups such as benzyloxycarbonyl, 
paramethoxybenzyloxycarbonyl , and paranitrobenzyloxycarbonyl ; 
acyl groups such as formyl, acetyl, propanoyl, tert-butyloyl , 

pivaloyl, benzoyl; aralkyl groups such as benzyl, a- 
methylbenzyl, trityl, diphenylmethyl (benzhydryl) , 
paranitrobenzyl, paramethoxybenzyl, and phenethyl; 
methoxyphenyl; and alkoxycarbonylamino groups such as tert- 
butoxycarbonyl amino . The protecting group is preferably 
benzyl, phenethyl, benzyloxycarbonyl, methoxyphenyl, 
diphenylmethyl, trityl, or a similar group, particularly 
preferably diphenylmethyl. 
[0035] 

The compound (1) is preferably l-diphenylmethyl-3- 
hydroxypyrrolidine, particularly preferably (3S)-1- 
diphenylmethyl-3-hydroxypyrrolidine . 
[0036] 

The compound (2) may be obtained through reaction of 
the compound (1) with an alkylsulf onyl chloride which may 
have a substituent or with an arylsulfonyl chloride which may 
have a substituent in the presence of a base through a 
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ordinary method. Examples of the alkylsulf onyl chloride 
include methanesulf onyl chloride and trif luoromethanesulf onyl 
chloride. Examples of the arylsulfonyl chloride include 
phenylsulfonyl chloride and p-toluenesulf onyl chloride. 

The compound (2) is in a crystalline compound and thus 
is of great industrial usefulness, since a purification 
process through column chromatography as described in JP-A- 
1989-143852 can be eliminated. The compound (2) is 
preferably l-diphenylmethyl-3-mesyloxypyrrolidine or 1- 
diphenylmethyl-3-tosyloxypyrrolidine, particularly preferably 
(3S) -l-diphenylmethyl-3-mesyloxypyrrolidine or (3S) -1- 
diphenylmethyl-3-tosyloxypyrrolidine . 
[0037] 

The compound (3) may be produced through reaction of 
the compound (2) with a cyanating agent. Examples of the 
cyanating agent include sodium cyanide, potassium cyanide, 
and tetrabutylammonium cyanide. No particular limitation is 
imposed on the reaction solvent, sb long as the reaction 
solvent does not adversely affect the reaction. 

The reaction involves complete inversion of the 
stereostructure . Therefore, the compound (3) has a 
stereostructure which is completely inverted from that of the 
compound (2) . 
[0038] 

The protecting group R 1 in the compound (3) is 
preferably benzyl, phenethyl, benzyloxycarbonyl, 
methoxyphenyl, diphenylmethyl , trityl, or a similar group, 
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particularly preferably diphenylmethyl . 3-Cyano-l- ( 1 , 1- 
diphenylmethyl) pyrrolidine is a crystalline compound and thus 
is of great industrial usefulness, since its purification is 
readily performed. 
[0039] 

The compound (4) is obtained through reaction of the 
compound (3) with a titanium (IV) reagent and an alkylmetal 
compound. The reaction may be performed in the presence of a 
Lewis acid. 

The amounts of the titanium (IV) reagent and the 
alkylmetal compound employed will next be described. The 
amount of the titanium (IV) reagent employed is 1. to 5 times, 
preferably 1 to 3 times in mole that of the compound (3) . 
The amount of an ethyl Grignard reagent is 2 to 20 times, 
preferably 2 to 5 times in mole that of the compound (3) . 
When a Lewis acid is added, the amount of the Lewis acid 
employed is 0.5 to 5 times, preferably 1 to 3 times in mole 
that of the compound (3) . 
[0040] 

The titanium reagent is preferably a titanium (IV) 
alkoxide. Titanium (IV) tetraalkoxides or substituted 
titanium (IV) trialkoxides may be employed. For example, 
titanium ( IV) tetraisopropoxide , methyltitanium ( IV) 
triisopropoxide, chlorotitanium ( IV) triisopropoxide, or a 
similar substance may be employed. Of these, a titanium (IV) 
tetraalkoxide is preferred, with titanium(IV) 
tetraisopropoxide being particularly preferred. 
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[0041] 

The alkylmetal compound may be a Grignard reagent or a 
dialkylzinc compound. The alkylmetal compound is preferably 
an ethylmetal compound, such as an ethyl Grignard reagent or 
diethylzinc. The alkylmetal compound is preferably an alkyl 
Grignard reagent such as an ethyl Grignard reagent. 

The ethyl Grignard reagent may be ethylmagnesium 
chloride or ethylmagnesium bromide, and these reagent may be 
dissolved in diethylether , tetrahydrof uran, or a similar 
solvent. The ethyl Grignard reagent is preferably 
ethylmagnesium bromide. 

The dialkylzinc compound is preferably diethylzinc, 
which may be employed in solution. The dialkylzinc compound 
may be dissolved in ether, tetrahydrof uran, or a similar 
solvent . 
[0042] 

Examples of the Lewis acid include trif luoroboron ■ ether 
complex (e.g., trif luoroboron • diethyl ether complex), 
trif luoroboron- tetrahydrof uran complex, halogenated metal 
(e.g., aluminum chloride), and alkali metal salts (e.g., 
lithium iodide), with trif luoroboron- ether complex being 
preferred. 
[0043] 

Examples of the solvent employed in the reaction for 
production of the compound (4) from the compound (3) include 
ether compounds (e.g., tetrahydrof uran, diethylether, dioxane, 
and dimethoxyethane) , aromatic compounds (e.g., benzene, 
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toluene, and xylene), and chloride compounds (e.g., methylene 
chloride and chloroform) , with ether solvents being 
particularly preferred. 
[0044] 

The reaction temperature is -30 to 170°C, preferably 0 
to 110°C. The compound (3), the titanium(IV) reagent, and 
the ethyl Grignard reagent may be reacted for 30 minute to 3 
hours. The Lewis acid may be added to the compound (3), 
titanium (IV) reagent, and ethyl Grignard reagent before 
reaction, or after the three are caused to react for 30 
minutes to 3 hours. 
[0045] 

The reaction is performed under an atmosphere of inert 
gas such as nitrogen gas or argon gas. The compound (3), the 
titanium (IV) reagent, and the ethyl Grignard reagent may be 
mixed together simultaneously, or the compound (3) may be 
added after the titanium (IV) reagent and the ethyl Grignard 
reagent are mixed. Together with the Lewis acid, an alkoxide 
such as sodium ethoxide or sodium isopropoxide may be added. 

In the thus-produced compound (4), the stereostructure 
of the starting material compound (3) is maintained. 
[0046] 

The protecting group R 1 in the compound (4) is 
preferably benzyl, phenethyl, benzyloxycarbonyl, 
methoxyphenyl, diphenylmethyl, or trityl. 

The compound (4) is preferably 3- ( 1-aminocyclopropyl ) - 
1- (1, 1-diphenylmethyl) pyrrolidine, particularly preferably 
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(3R) -3- (1-aminocyclopropyl) -1- (1, 1-diphenylmethyl ) pyrrolidine . 
[0047] 

Examples of the salt of the compound (4) include 
inorganic acid salts (e.g., hydrochloride, sulfate, and 
nitrate) and organic acid salts such as carboxylates (e.g., 
oxalate, tartrate, and mandelate) . 
[0048] 

The compound (5) is synthesized through protection of 
the substituent amino group of the compound (4) . Examples of 
the protecting group R for said amino group include 
alkoxycarbonyl groups such as tert-butoxycarbonyl , 
methoxycarbonyl, ethoxycarbonyl, and 2, 2, 2-trichlorocarbonyl ; 
aralkyloxycarbonyl groups such as benzyloxycarbonyl , 
paramethoxybenzyloxycarbbnyl, and paranitrobenzyloxycarbonyl ; 
acyl groups such as formyl, acetyl, propanoyl, tert-butyloyl , 
pivaloyl, and benzoyl; aralkyl groups such as benzyl, a- 
methylbenzyl, trityl, diphenylmethyl (benzhydryl) , 
paranitrobenzyl, paramethoxybenzyl, and phenethyl; 
methoxyphenyl; and alkoxycarbonylamino groups such as tert- 
butoxycarbonylamino . The protecting group R is preferably 
alkoxycarbonyl or acyl. 
[0049] 

The optically active compound represented by formula 
(6) is produced through removal of the protecting group R 1 
for the substituent amino group of the compound (5) . 

The deprotection reaction may be performed through the 
method described in JP-A-2002-322148, which may be 
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appropriately modified depending on the type of the 
protecting group. The protecting group forming an ester may 
be removed through hydrolysis in the presence of a base such 
as sodium hydroxide, sodium carbonate, or sodium 
hydrogencarbonate . When the protecting group forming an 
ester is benzyloxycarbonyl or a similar group, hydrolysis may 
be performed under reducing conditions. 
[0050] 

Preferably, the thus-produced optically active 
cyclopropylamine derivative (6) is converted into a salt with 
an inorganic acid (e.g., hydrochloric acid, sulfuric acid, or 
nitric acid) or an organic acid such as carboxylic acid (e.g., 
optically inactive oxalic acid, tartaric acid, or mandelic 
acid) , since such a salt is readily purified to give a highly 
optically pure product. The salt is particularly preferably 
oxalate or hydrochloride. 

Examples 
[0051] 

The present invention will next be described in more 
detail by way of examples, which should not be construed as 
limiting the invention thereto. 
[0052] 

Example 1 (3S) -l-Diphenylmethyl-3-hydroxypyrrolidine 

Benzophenone (5.47 g) was dissolved in tetrahydrof uran 
under an argon atmosphere. Titanium (IV) tetraisopropoxide 
(13.3 mL) was added to the solution at room temperature. 



16 



After 0.25 h, ( 3S) -3-hydroxypyrrolidine (2.61 g) in 
tetrahydrofuran (5.5 mL) was added dropwise to the mixture, 
and the resultant mixture was stirred at room temperature for 
1 hour. After 1 h, polymethylhydrosiloxane (5.8 mL) was 
added to the reaction mixture, and the resultant mixture was 
stirred. After 19 h, a 28wt.% aqueous sodium hydroxide 
solution (60 mL) was added to the reaction mixture, and the 
resultant mixture was refluxed for 0.5 hour. The temperature 
of the reaction mixture was lowered to room temperature and 
then extracted with toluene. The formed aqueous layer was 
again extracted with toluene, and the organic layers were 
combined together, washed with saturated brine, and then 
dried over sodium sulfate. The drying agent was removed 
through filtration, and the filtrate was concentrated under 
reduced pressure, to thereby yield crystalline residue. The 
residue was subjected to silica gel chromatography, to 
thereby give the target compound (4.65 g, yield 61.2%). The 
target compound was purified through recrystallization from 
isopropyl alcohol . 
[0053] 

l H-NMR (4 00MHz, CDC1 3 ) 5: 1.72-1.7 8 (lH,m) ,2.12- 

2 .26 (2H,m) , 2.44 (lH,dd, J=5. 0, 10.4Hz) , 2 . 62-2 . 64 ( 1H, m) ,2.76- 
2 . 81 (lH,m) , 4 .21 (1H, s) , 4 . 31 (1H, s) , 7 . 14-7 . 45 ( 10H, m) 
[0054] 

Example 2 ( 3S) -l-Diphenylmethyl-3-mesyloxypyrrolidine 

(3S) -l-Diphenylmethyl-3-hydroxypyrrolidine (1.10 g) was 
dissolved in methylene chloride (11 mL) . Triethylamine (1.1 
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mL) was added dropwise to the solution, and the resultant 
mixture was stirred under cooling with ice. 

Methanesulf onyl chloride (0.5 mL) was added dropwise to 
the reaction mixture, and the temperature of the resultant 
mixture was raised to room temperature. After 3 h, saturated 
sodium hydrogencarbonate (13 mL) was added dropwise to the 
mixture, and the resultant mixture was extracted with 
methylene chloride. The formed aqueous layer was again 
extracted with methylene chloride, and the methylene chloride 
layers were combined together and then washed with saturated 
brine . 

Whole was dried over sodium sulfate. The drying agent 
was removed through filtration, and the filtrate was 
concentrated under reduced pressure, to thereby give the 
target compound (1.52 g, quantitative amount). 
[0055] 

1 H-NMR (4 00MHz, CDCI3) 8 : 2 . 04-2 . 12 (lH,m) , 2 .25-2 . 34 (lH,m) , 2 .37- 
2.43 (lH,m) ,2. 66-2.72 (lH,m) , 2 . 75-2 . 83 ( 2H, m) , 2.96(3H, s) , 
4.24 (lH,s) ,5.15-5.19(lH,m) , 7 . 16-7 . 45 ( 10H,m) 
[0056] 

Example 3 ( 3R) -3-Cyano-l-benzylpyrrolidine 

(3S) -l-Benzyl-3-mesyloxypyrrolidine (2.56 g) was 
dissolved in acetonitrile (3.6 mL) . Tetrabutylammonium 
cyanide (4.95 g) was added to the solution, and the mixture 
was stirred at 65°C for 6.5 hours. Saturated sodium 
hydrogencarbonate (13 mL) and toluene were added dropwise to 
the reaction mixture, whereby the organic layer was extracted. 
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The organic layer was washed with water and then dried over 
sodium sulfate. The drying agent was removed through 
filtration, and the filtrate was concentrated under reduced 
pressure. The residue was subjected to silica gel 
chromatography, to thereby give the target compound (1.42 g, 
yield 76.2%) as a pale yellow oil. 
[0057] 

Example 4 (3R) -3-Cyano-l- (1, 1-diphenylmethyl ) pyrrolidine 

(3S) -l-Diphenylmethyl-3-mesyloxypyrrolidine (1.25 g) 
was dissolved in acetonitrile (1.75 mL) . Tetrabutylammonium 
cyanide (1.87 g) was added to the solution, and the mixture 
was stirred at 65°C for 12 hours. Saturated sodium 
hydrogencarbonate (7 mL) and toluene were added dropwise to 
the reaction mixture, whereby the organic layer was extracted. 
The organic layer was washed with water and then dried over 
sodium sulfate. The drying agent was removed through 
filtration, and the filtrate was concentrated under reduced 
pressure, to thereby yield crystals. The residue was 
subjected to silica gel chromatography, to thereby give the 
target compound (0.766 g, yield 77.4%) as colorless crystals. 
[0058] 

1 H-NMR (400MHz, CDCI3) 5: 2 . 07-2 . 25 ( 2H, m) , 2 . 50-2 . 63 ( 2H, m) ,2.68- 
2 .78 (2H,m) , 2 . 97-3. 02 ( 1H, m) , 4 . 25 ( 1H, s ) , 7 . 17-7 . 45 (10H,m) 
[0059] 

Example 5 (3R) -3- ( 1-aminocyclopropyl ) -1- (1,1- 
diphenylmethyl ) pyrrolidine 

(3R) -3-Cyano-l- (1, 1-diphenylmethyl ) pyrrolidine (0.70 g) 
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was dissolved in tetrahydrof uran under an argon atmosphere. 
Titanium ( IV) tetraisopropoxide (0.86 mL) and ethylmagnesium 
bromide (1.78 mL, 3mol/L ether solution) were added to the 
solution at room temperature. After 05 h, 

trif luoroboron • diethyl ether complex (0.67 mL) was added 
dropwise to the mixture, and the resultant mixture was 
stirred at room temperature. After 18 h, 2mol/L aqueous 
sodium hydroxide (30 mL) was added to the reaction mixture, 
and the resultant mixture was stirred for 0.25 hours. The 
product that precipitated was collected through filtration 
and then extracted. The formed aqueous layer was again 
extracted with ethyl acetate, and the organic layers were 
combined together, washed with saturated brine, and dried 
over sodium sulfate. The drying agent was removed through 
filtration, and the filtrate was concentrated under reduced 
pressure, to thereby yield crystals. The residue was 
subjected to silica gel chromatography, to thereby give the 
target compound (0.374 g, yield 48%). 
[0060] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 0 . 36-0 . 52 ( 4H, m) , 1 . 56-1 . 68 (3H,m) , 1 . 90- 
1 .95 (2H,m) , 2 .35-2 . 49 (2H,m) , 2 . 50-2 .56 (2H,m) , 4 . 13 ( 1H, s) , 7 . 15- 
7.45(10H,m) 
[0061] 

Example 6 (3R) -3- [1- ( tert-Butoxycarbonyl amino) cyclopropyl] -1- 
(1, 1-diphenylmethyl) pyrrolidine 

(3R) -3- (1-Aminocyclopropyl) -1- (1, 1- 
diphenylmethyl ) pyrrolidine (0.34 g) was dissolved in tert- 
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butyl alcohol (1.7 mL) , and lmol/L aqueous sodium hydroxide 
(3.0 mL) was added to the solution, followed by stirring. 
Di-tert-butyl dicarbonate (0.40 mL) was added to the mixture, 
and the resultant mixture was stirred at room temperature for 
7 hours. The reaction mixture was extracted with chloroform. 
The formed aqueous layer was again extracted with chloroform, 
and the organic layers were combined together, washed with 
saturated brine, and dried over sodium sulfate. The drying 
agent was removed through filtration, and the filtrate was 
concentrated under reduced pressure, to thereby yield 
crystalline. The residue was subjected to silica gel 
chromatography, to thereby give the target compound (0.33 6 g, 
yield 74%) as pale yellow crystals. 
[0062] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 0 . 63-0 . 89 (4H,m) , 1.44 (9H, s) , 1 .59- 
1.65(lH,m) , 1.82-1. 96 (lH,m) ,2.19- 

2.60(5H,m) ,4.14 (lH,m) ,5.19 (lH,s) , 7 . 1 4-7 . 4 5 ( 1 OH, m) 
[0063] 

Example 7 (3R) -3- ( 1-Aminocyclopropyl ) -1-benzylpyrrolidine 

(3R) -3-Cyano-l-benzylpyrrolidine (1.40 g) was dissolved 
in tetrahydrof uran (21.0 mL) under an argon atmosphere. 
Titanium (IV) tetraisopropoxide (2.40 mL) and ethylmagnesium 
bromide (5.00 mL, 3mol/L solution in ether) were added to the 
solution at room temperature. After 0.5 h, 
trif luoroboron- diethyl ether complex (1.90 mL) was added 
dropwise to the mixture, and the resultant mixture was 
stirred at room temperature. After 4 h, 2mol/L aqueous 
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sodium hydroxide (30 mL) was added to the reaction mixture, 
followed by stirring for 0.25 hours- The product that 
precipitated was collected through filtration and then 
extracted. The formed aqueous layer was again extracted with 
ethyl acetate, and the organic layers were combined together, 
washed with saturated brine, and' dried over sodium sulfate. 
The drying agent was removed through filtration, and the 
filtrate was concentrated under reduced pressure, to thereby 
the target compound as a crude product (1.65 g) . 
[0064] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 0 . 35-0 . 55 ( 4H, m) , 1 . 62-1 . 69 ( 3H, m) , 1 . 90- 
. 1.96 (2H,m) , 2.39 (lH,dd,J=6.0, 9.2Hz) ,2.56- 
2.59 (2H,m) , 2 . 63 ( 1H, dd, J=7 . 6,9.2Hz) , 3 . 59 ( 2H, abq, J=12 . 8 , 23 . 2Hz ) 
,7.23-7.33 (5H,m) 
[0065] 

Example 8 (3R) -3- [1- ( tert-Butoxycarbonylamino) cyclopropyl] 
-1-benzylpyrrolidine 

Crude (3R) -3- ( 1-aminocyclopropyl ) -1-benzylpyrrolidine 

(1.65 g) was dissolved in tert-butyl alcohol (8.3 mL) , and 1 
mol/L aqueous sodium hydroxide (15.0 mL) was added to the 
solution, followed by stirring. Di-tert-butyl dicarbonate 

(2.60 mL) was added to the reaction mixture, and the 
resultant mixture was stirred at room temperature for 12 
hours. The reaction mixture was extracted with ethyl acetate. 
The formed aqueous layer was again extracted with ethyl 
acetate, and the organic layers were combined together, 
washed with saturated brine, and dried over sodium sulfate. 
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The drying agent was removed through filtration, and the 
filtrate was concentrated under reduced pressure, to thereby 
yield crystalline. The residue was subjected to silica gel 
chromatography, to thereby give the target compound (0.675 g, 
yield 28%) as a yellow oil. 
[0066] 

1 H-NMR (4 00MHz, CDCI3) 5: 0. 65-0. 87 ( 4H, m) , 1 . 44 ( 9H, s ) , 1 .53- 
1 . 68 (lH,m) , 1 . 84-1 . 95 (lH,m) , 2 .24-2 . 33 (2H, m) , 2 . 4 5- 
2.51 (lH,m) ,2.54-2.67 (lH,m) ,2.68- 

2 . 79 (lH,m) , 3.58 (2H, s) , 5 . 06 ( 1H, brs) , 7 .24-7 . 32 (5H,m) 
[0067] 

Example 9 (3R) -3- [1- (tert- 

Butoxycarbonylamino) cyclopropyl ] pyrrolidine monooxalate 
Removal of benzyl group 

(3R) -3- [1- (tert-Butoxycarbonylamino) cyclopropyl] -1- 
benzylpyrrolidine (2.90 g, 9.16 mmol) was dissolved in 
ethanol (29.0 mL) , and 5% palladium carbon was added to the 
solution in an equiamount of the pyrrolidine. Under a 
hydrogen atmosphere (atmospheric pressure), the mixture was 
stirred at 50°C fro 4 hours (see JP-A-2002-322148) . After 
the starting material had been consumed, the mixture was left 
to cool and then filtered. The filtrate was concentrated 
under reduced pressure. Isopropyl alcohol (4.4 mL) was added 
to the residue, and the mixture was cooled with ice. Oxalic 
acid dihydrate (825 mg, 9.16 mmol) was added to the mixture, 
and isopropyl ether (29.0 mL) was added thereto, followed by 
stirring for 1 hour. The crystals that precipitated were 
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collected through filtration and then dried under reduced 
pressure, to thereby give the target compound (2.18 g, yield 
75.2%) . 
[0068] 

Removal of diphenylmethyl group 

(3R) -3- [1- ( tert-Butoxycarbonylamino) cyclopropyl] -1- 
(1, 1-diphenylmethyl) pyrrolidine (250 mg, 0.64 mmol) was 
dissolved in ethanol (2.50 mL) , and 5% palladium carbon was 
added to the solution in an equiamount of the pyrrolidine. 
Under a hydrogen atmosphere (atmospheric pressure) , the 

mixture was stirred at 50°C for 3 hours (see JP-A-2002- 
322148) . After the starting materials had been consumed, the 
reaction mixture was left to cool and then filtered. The 
filtrate was concentrated under reduced pressure. Isopropyl 
alcohol (0.38 mL) was added to the residue, and the mixture 
was cooled with ice. Oxalic acid dihydrate (57.6 mg, 0.64 
mmol) was added to the mixture, and isopropyl ether (2.50 mL) 
was added thereto, followed by stirring for 1 hour. The 
crystals that precipitated were collected through filtration 
and then dried under reduced pressure, to thereby give the 
target compound (163.5 mg, yield 80.8%). 
[0069] 

1 H-NMR (4 00MHz, d 6 -DMSO) 5: 0 . 64 ( 4H, s ) , 1 . 3 6 ( 9H, s ) , 1 . 57- 
1 . 68 (lH,m) , 1 . 82-1 . 92 (lH,m) , 2 .81-2 . 8 6 ( 1H, m) , 3 . 01- 
3.08 (lH,m) , 3.15-3.24 (2H,m) 
[0070] 

Example 10 (3S) -1 -Diphenylmethyl- 3-hydroxypyrrolidine 
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(3S) -3-Hydroxypyrrolidine (2.0 g) was dissolved in 
acetonitrile (10.0 mL) under cooling with ice. Triethylamine 
(4.8 mL) was added to the solution, and bromodiphenylmethane 
(5.7 g) in acetonitrile (10.0 mL) was added dropwise to the 
mixture, followed by stirring at room temperature for 4.5 
hours. After completion of reaction, the insoluble material 
was removed through filtration, and water and toluene were 
added to the filtrate, whereby the organic layer was 
extracted. The formed aqueous layer was again extracted with 
toluene, and the organic layers were combined together, 
washed with saturated brine, and dried over sodium sulfate. 
The drying agent was removed through filtration, and the 
filtrate was concentrated under reduced pressure, to thereby 
yield crystalline residue. The residue was subjected to 
silica gel chromatography, to thereby give the target 
compound (5.2 g, yield 89.7%). The thus-obtained compound 
can be crystallized through treatment with hexane-ethyl 
acetate, alcohol-water, and so on. 
[0071] 

Example 11 (3S) -l-Diphenylmethyl-3-tosyloxypyrrolidine 

(3S) -l-Diphenylmethyl-3-hydroxypyrrolidine (4.00 g) was 
dissolved in methylene chloride (11 mL) , and the solution was 
stirred under cooling with ice. Triethylamine (3.3 mL) was 
added dropwise to the reaction mixture, and p-toluenesulf onyl 
chloride (3.61 g) was added to the resultant mixture, 
followed by stirring at room temperature for 12 hours and 
then at 40°C for 4.5 hours. Since the starting materials 
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partially remained unconsumed, triethylamine (1.1 mL) and p- 
toluenesulfonyl chloride (1.5 g) were added to the reaction 
mixture and then stirred for 24 hours. The reaction mixture 
was extracted with water and chloroform, and the organic 
layer was dried over sodium sulfate. The drying agent was 
removed through filtration, and. the filtrate was concentrated 
under reduced pressure, to thereby yield crystalline residue. 
The residue was subjected to silica gel chromatography, to 
thereby give the target compound (4.40 g, yield 68.5%). The 
thus-obtained compound was purified through recrystallization 
from isopropyl alcohol. 
[0072] 

1 H-NMR (4 00MHz, CDCI3) 6: 1 . 93-1 . 99 ( 1H, m) ,2.09-2.14 (lH,m) ,2.2 9- 
2 .35 (lH,m) , 2 .41 (3H, s) , 2 . 60-2. 64 ( 3H, m) , 4 . 17 ( 1H, s ) , 4 . 95- 
4 . 98 { 1H, m) , 7 . 13-7 . 4 0 ( 12H,m) , 7 . 75 (2H, J=7 . 6Hz, d) . 
[0073] 

Referential Example 1 l-Diphenylmethyl-3-pyrroline 

cis-1, 4-Dichloro-2-butene (15.4 g) was dissolved in 
methanol (100.0 mL) . Aminodiphenylmethane (18.3 g) , sodium 
acetate (16.4 g) , and potassium iodide (1.0 g) were added to 
the solution, and the mixture was stirred at 65°C for 6.5 
hours. The reaction mixture was extracted with methylene 
chloride and lmol/L aqueous sodium hydroxide, and the organic 
layer was dried over sodium sulfate. The drying agent was 
removed through filtration, and the filtrate was concentrated 
under reduced pressure. Isopropyl ether was added to the 
residue, and the mixture was heated. The insoluble material 
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was removed through filtration, and the filtrate was 
concentrated. The formed crystals were collected through 
filtration. The crystals were further washed with a small 
amount of isopropyl ether, to thereby give the target 
compound (11.62 g, yield 41%) as white crystals. 

[0074] 
X H-NMR (400MHz, CDC1 3 ) 6: 

3.38 (4H,s) ,4.57 (1H,S) ,5.79 (2H,s) , 7 . 15 (2H, J=7 . 6Hz, t) , 7 . 27 (4H, J 
=7 . 6Hz, t) , 7 . 49 ( 4H, J=7 . 6Hz, d) 
[0075] 

Example 12 (3S) -l-Diphenylmethyl-3-hydroxypyrrolidine 

Sodium borohydride (0.235 mg) was suspended in 
tetrahydrof uran (2.0 mL) in an argon flow, and the suspension 
was cooled with ice. Optically active a-pinene (0.63 mL) and 
boron trifluoride • ether complex (0.25 mL) were added dropwise 
to the suspension, and the mixture was stirred for 12 hours. 
l-Diphenylmethyl-3-pyrroline (0.24 g) was added to the 
reaction mixture, and the resultant mixture was allowed to 
react for 9 hours. Thereafter, 30% aqueous hydrogen peroxide 
(2 mL) and 6mol/L aqueous sodium hydroxide (2 mL) were added 
dropwise to the reaction mixture. After 3 h, the reaction 
mixture was extracted with methylene chloride, and the formed 
organic layer was dried over sodium sulfate. The drying 
agent was removed through filtration, and the filtrate was 
concentrated under reduced pressure, to thereby yield 
crystalline residue. The residue was subjected to silica gel 
chromatography, to thereby give the target compound (0.200 g, 
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yield 79%) . HPLC analysis (through use of a Daicel Chiral 
Pack AD-RH) of the thus-obtained compound indicates that the 
compound has an optical purity of 72%ee. 



